This study will evaluate an alternative method in which a four prong bone staple was used to repair the medial collateral ligament following over-release or avulsion injuries in (#6) cases during a total knee arthroplasty. The use of a four prong bone staple to repair medial collateral ligament injuries status post total knee replacement will provide satisfactory results with respect to post-operative knee stability and range of motion. Our retrospective review revealed that all six patients improved with regards to range of motion following the total knee arthroplasty. We feel that repair of the medial collateral ligament with a four-prong bone staple is a viable option after an over-release or avulsion injury sustained during a total knee arthroplasty.
Introduction
One of the more common complications of total knee arthroplasty is an intraoperative injury to the medial collateral ligament (MCL), in which there is significant loss of collateral ligament tissue with or without damage to the medial femoral condyle/epicondyle [7] . In a thorough review of the orthopedic literature, the overall incidence of this injury during total knee arthroplasty is unknown [7, 9, 10] . In this study, we describe a new, unreported fixation method of repairing the knee medial collateral ligament status post injury during a total knee arthroplasty using a Smith and Nephew four prong bone staple.
When researching the most current arthroplasty literature, insufficiency of the medial collateral ligament when discovered in the preoperative physical examination with varus and valgus stress testing can be treated with either soft tissue reconstruction using one of the following methods: 1.) hamstring fixation technique, 2.) achilles allograft with a calcaneal bone block and fixation with 6.5mm cancellous screws, 3) or with an implant that provides stability, not only in the sagittal but in the coronial plane as well with the use of a constrained knee construct [2, 3, 4, 5] .
The medial collateral ligament is the primary restraint to valgus stability of the knee. At around 30° of flexion, the medial collateral ligament provides 80% of the restraining force [12, 13] . While in full extension, it only provides 60% of the restraining force [12, 13] . A thorough understanding of the anatomy of the knee medial collateral ligament is crucial before any repair of this ligament can be performed.
The superficial medial collateral ligament otherwise known as the tibial collateral ligament is the largest struc-ture of the medial aspect of the knee. This structure consists of one femoral attachment and two tibial attachments. The femoral attachment has been shown to be oval in shape and on average is located 3.2mm proximal and 4.8mm posterior to the medial epicondyle [12, 13] . As it courses distally, it has two tibial attachments. The first proximal attachment point is primarily to soft tissue over the semimembranosus tendon. This attachment measures an average of 12.2mm distal to the tibial joint line [11, 12, 13] . The distal tibial attachment of the superficial medial collateral ligament is broad and attaches directly to the bone approximately 61.2mm distal to the tibial joint line [11, 12, 13] .
The deep medial collateral ligament is comprised of thickened tissue and is found on the medial aspect of the joint capsule. This ligament is divided into meniscofemoral and meniscotibial components. The mensicofemoral portion of the deep medial collateral ligament has a slight convex curve attachment is located 12.6mm distal and deep to the femoral attachment of the superficial medial collateral ligament [12] . The meniscotibial portion is much shorter and thicker. It attaches just distal to the edge of the articular cartilage of the medial tibial plateau and is found 3.2mm distal to the medial joint line and 9.0mm proximal to the proximal tibial attachment of the superficial medial collateral ligament [11, 12] .
Literature supports the fact that the medial collateral ligament has an excellent capacity to heal after injury. In the opinion of our lead surgeon (JM), the use of a constrained hinged knee construct and/or the implantation of allograft tendon to repair the medial collateral ligament injury is not needed. Our hypothesis is that the use of a four-prong bone staple (Smith and Nephew) to repair the medial collateral ligament injury status post total knee replacement will provide satisfactory clinical results with regards to post-operative stability and range of motion.
Methods and Materials
All demographic and intraoperative data were retrieved, as part of a prospective database, on all patients (758) undergoing total knee arthroplasty at the senior author's (JM) institution since 2008. Our present study included all of the patients who underwent total knee arthroplasty performed by the senior author (JM) between the dates of 08-01-2008 to 02-15-2013 and who sustained an intraoperative injury to the medial collateral ligament as documented in the database with confirmation in the operative report. Patients with prior MCL injuries were excluded. These operative reports were carefully examined and confirmed that the injury to the medial collateral ligament occurred during over-release or avulsion of the medial collateral ligament in attempts to balance a tight varus/valgus knee.
The same surgical techniques along with cruciate retaining implants were used by the senior author (JM) during each case. All the operations were performed by the senior author or under his direct supervision. The author used a straight midline incision, measuring four fingerbreadths above the superior pole of the patella to the medial aspect of the tibial tubercle. The standard medial parapatellar incision was used as the exposure technique in all the knees.
After eversion of the patella and flexion of the knee, a self-retaining knee strap was used to maintain the knee in flexion. A scalpel was then used to transect and remove the anterior cruciate ligament. Attention was then placed on the tibia, where the subperosteal plane was developed beneath the deep medial collateral ligament. Bovie electrocautery was then utilized to continue the dissection from anterior to posterior. Careful attention was taken as the dissection proceeded in the posterior direction to ensure that the insertion site of the medial collateral ligament is not violated.
Bilateral weight-bearing radiographs were available in the room to assess for varus/valgus deformity. If the knee was neutral to slight varus, the dissection was stopped at the midcoronal plane. If the knee had a more severe varus deformity, the dissection was extended to the posterior medial corner of the knee. Carefully attention was placed on retractor placement during the entire procedure in attempts to decrease iatrogenic injury.
Injury of the medial collateral ligament was identified after insertion of the trial implants and during balancing of the knee in both flexion and extension. At this time, the defect whether at the femoral origin or the tibial insertion point was repaired using a Smith and Nephew four prong bone staple. Medial collateral ligament defects on the femoral side were thought to develop due to the nature of the osteoporotic bone. Here the cortical bone is so thin and the cancellous bone underneath is so soft; the demineralized bone almost fractures off and lifts away during manipulation of the knee. This portion was repaired by first by fully extending the knee joint and localizing the area of liftoff/ fracture. The four prong bone staple (Smith and Nephew) was then impacted into the femoral epicondyle. Of note, the staple dimensions are 16mm in width and 22mm in length, therein it does not come into contact with the femoral or tibia component.
If the medial collateral ligament deficiency was noted on the tibial side, it was thought to occur due to over-release during soft tissue balancing. This deficiency was then repaired by first placing a varus stress to the knee followed by flexing the knee to 60°. A kocher clamp was then used Joint Implant Surgery & Research Foundation • www.jisrf.org to advance the ligament distally and laterally to an isometric point on the tibia and the four prong bone staple (Smith and Nephew) was then malleted into place.
The senior author (JM) once again evaluated the balance of the knee with the trial implants in to ensure optimal balance. The final implants were placed and the knee was once again thoroughly evaluated as in all total knee arthroplasty's.
In the acute post-operative setting, these patients were treated as a normal total knee arthroplasty, with no additional precautions. Each patient was placed in a continuous passive range of motion machine immediately and each proceeded to participate fully with physical therapy with no restrictions on weight-bearing status. All patients received 10mg of Xarelto orally once a day for 3 months for deep venous thrombosis prophylaxis. Upon discharge from the hospital, each patient continued with physical therapy in an outpatient setting or attended a skilled nursing facility for rehabilitation.
The 2011 Insall Modified Knee Society score will also be utilized as a tool to evaluate each patient in the postoperative setting. This system has been developed by the Knee Society to provide a more current and stringent evaluation form. The system is subdivided into a knee score that rates only the knee joint itself and a functional score that rates the patient's ability to walk and climb stairs [1] . The dual rating system eliminates the problem of declining knee scores associated with patient infirmity. This score was obtained before the surgery and after the surgery to assess pain and function following the total knee arthroplasty.
Results
We retrospectively reviewed the medical records of the 758 patients (380 knees) who underwent primary TKA from August of 2008 to February of 2013. Intraoperative medial collateral ligament disruption or stretching was recognized when there was unexpected medial laxity in a patient with no preoperative medial instability. There were (#6) patients with recognized intraoperative medial collateral ligament injury (0.79%). Six knees in six patients were available for follow up at a mean of 75 days following surgery (range 30 days to 120 days). The mean age of each patient was 68 years (range 54 to 76) and the mean age at the time of surgery was 66 years. Two of the patients were male and four were female. Four of six of our patients were considered to be obese according to the body mass index scale with a score of 30 or greater. Three of the knee replacements were right sided and three were left sided. The pre-operative diagnosis for five of the patients was osteoarthritis with the other having traumatic arthritis.
After careful thought and discussion, it was found that all of our injuries occurred secondary to either over-manipulation of the osteoporotic femur or by the sharp osteotomes used for the subperosteal elevation in attempts to balance the varus/valgus knee. Four of the medial collateral ligament injuries were on the tibial side and two were on the femoral side. No patients in this study were required to wear any bracing devices after the surgery and no patients reported any instability of the knee joint. Each patient ambulated into the clinic at the last follow up visit with no assistance needed. None of these patients had to undergo any form of revision surgery.
In the post-operative setting, each patient was scheduled to follow up at the senior author's clinic for orthopedic and radiographic evaluation. At the first follow up visit, the range of motion of the knee was evaluated and documented with the use of a goniometer along with assessment of standing knee radiographs to determine whether an acceptable overall alignment was achieved. Each of the radiographs was reviewed by the lead surgeon and an upper level orthopedic resident, revealing well aligned knee prosthesis with no presence of radiolucent lines, lytic lesions, or component migration.
The Knee Society clinical rating score was officially performed at the pre-operative visit and at the initial follow-up appointment. Of note, stability of the medial collateral ligament was assessed on physical examination by gently applying a valgus stress to the knee at both 0° and with the knee flexed to 30°. Grading of valgus stress testing was defined as follows: A) 0 defined as 0-3mm of opening, B) +1 defined as 3-5mm of opening, C) +2 defined as 5169 10mm of opening and D) +3 defined as >10mm of opening. Failure in our study was defined as >5mm of opening at either 0° or 30° with absence of a firm endpoint with stressing of the knee.
At follow up examination, the senior author (JM) evaluated each of the patients and found that each exhibited an increase in range of motion along with no laxity noted upon varus/valgus stress testing of the affected knee at both 0° and 30°. Table 1 reviews the pre and post-operative knee laxity, range of motion, and Knee Society score.
The average preoperative knee range of motion was 1.6° of extension to 92° of flexion. Upon comparison, the average postoperative range of motion was 3° of extension to 95.6 ° of flexion. The average grade of preoperative valgus laxity of the affected knee was (+) 1.6, but this decreased to zero laxity after total knee arthroplasty and medial collateral ligament fixation. The average preoperative and postoperative Knee Society scores were 23.6 and 75.8 respectively. Each patient had a significant increase in Knee Society score, with an average score increase of (+) 52.2.
Conclusion
Any disturbance of the medial collaterial ligament during a total knee arthroplasty is a serious complication and should be treated with the utmost respect. Is has been well documented in the orthopedic literature that all coronial plane instabilities can result in the need for revision total knee arthroplasty with the use of a constrained device [8, 9, 10] . In addition, these patient's actually function well with respect to the knee society score. The downfall of this treatment option is placing a constrained revision component into a primary total knee. Our study is the first to address this issue with only the use of a small, unconstrained, minimally invasive implant device.
In our study of six patients, four of them who sustained medial collateral ligament injuries were obese according to the body mass index scale. In a past article by Winiarsky, Barth, and Locke, they concluded that the rate of perioperative complications was significantly higher in obese patients. According to their study, 22% of their obese patients had a wound complication, 10% had an infection, and 8% had an avulsion of the medial collateral ligament.
In comparison, 2% of the knees in their non-obese control group had a wound complication, 0.6% had an infection, and none had an avulsion of the medial collateral ligament [15] . This is an important factor to consider when performing a total knee arthroplasty on the obese population in the future.
There are limited studies dedicated to the treatment of intraoperative injuries to the medial collaterial ligament without the use of a constrained device [2, 3, 4, 5] . Most of the current literature recommends using a constrained implant instead of direct repair [8, 9, 10] . In our study, we evaluated (#6) cases in which a four-prong bone staple (Smith and Nephew) was used to repair the medial collateral ligament following either over-release or avulsion injury dur-ing total knee arthroplasty.
Two limitations of our case series are 1) the small number of patients (#6) and 2) the lack of a control group of which to compare. Another limitation of our study is the short follow up period, which averaged 75 days post-surgery. This study could be stronger if these patients were followed for a longer period of time to assess function and pain control, which will be an area that this research paper could expand on in the future. However, we remain cautiously optimistic that this mode of fixation will provide adequate fixation over the life of the arthroplasty.
Our retrospective review revealed that all six patients improved with regards to range of motion and Knee Society score following the total knee arthroplasty. Post-operative varus and valgus stress testing of the affected knee found no laxity. Once again, no patients in this study were required to wear any bracing devices after the surgery and no patients reported any instability of the knee joint. None of these patients had to undergo any form of revision surgery. Due to these results, we feel that repair of the medial collateral ligament with a four-prong bone staple (Smith and Nephew) is a viable option after an over-release or avulsion injury during a total knee arthroplasty.
